Three different small-angle neutron scattering facilities, the "YUMO" camera at JINR (Dubna, Russia), the V4 camera at HMI (Berlin, Germany) and D11 camera at ILL (Grenoble, France), were used in the investigation of 30S ribosomal subunit from Thermus thermophilus. Parallel X-ray measurements on X33 camera at DESY (Hamburg, Germany) were used to control the identity of deuterated particles. The neutron and x-ray contrast variation data were interpreted by direct method using spherical harmonics. Structural models of the 30S ribosomal subunit from Thermus thermophilus and its RNA -rich core with the resolution 3.5 nm were constructed. A comparison between the 30S Thermus thermophilus and 30S E.coli models shows that primary difference between them consists in the special distributions of the protein component whereas the special distributions of the RNA component coincide well in both models.
Introduction
Construction of a high resolution three-dimensional model of the ribosome and an adequate structural description of the mechanism of protein synthesis are impossible without clear distinction between the protein and RNA molecules in the ribosomal structure. Though cryoelectron microscopy and X ray crystallography have got achievements in structural investigation of ribosomes but both methods do not suite well to make such distinction, since in this case the contrast between RNA and the protein is rather low. Contrast variation in neutron scattering is the method of choice allowing clear separation between the two main ribosomal components and its possibilities are enhanced by their selective deuteration. Recently a direct method of small angle scattering data interpretation using spherical harmonics was developed (Svergun, 1993 (Svergun, , 1996 and applied to construct spatial models of the 50S (Svergun et al, 1994) and 70S E.coli ribosomes ) at a resolution [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] Å. The main advantage of this method consists in the possibility to directly visualise the position of RNA in the ribosome without using a priori information. Until the recent time these models have been mainly constructed for E.coli. However, most current structural research is performed on ribosomes from Thermus thermophilus for following reasons. First, ribosomal particles from this bacterium and their components are much more stable and crystallize more readily and second, the structure of a number of its protein have already been elucidated at the atomic level (Liljas A. & Garber, 1995 : Ramakrishnan et al., 1995 . The main goal of this work is to use new method of data analysis to obtain a low resolution model of the 30S subunits of the T. thermophilus ribosomes, which in the near future can serve as a basis for localisation of some ribosome proteins in this subunit.
Materials and Methods

Preparation of samples
The cell of T. thermophilus were grown in synthetic medium containing glycerol and succinate as a carbon source according to protocol (Fan et al., 1997) . Two types of ribosomal particles from T. thermophilus ware obtained. The first type, protonated particle, was grown on a medium containing H 2 O, H-glycerol and H-succinate. The second type, deuterated particle, was grown on a medium containing 98% D 2 O, D-glycerol and D-succinate. Before neutron measurements the preparations were dialysed against a buffer containing 20 mM Tris-HCl (pH 7.6), 0.5 mM MgCl 2 , 100 mM KCl. Buffers containing 0, 20, 35, 40, 80, 98% D 2 O were used for contrast variation. The sample with the highest D 2 O concentration was prepared by dialysis. The D 2 O content was controlled by density and transmission measurements.
Scattering experiments and data treatment
Neutron scattering measurements were carried out with three SANA facilities: "YUMO" (JINR, Dubna) (Ostanevich, 1988) , "V4"(HMI, Berlin) (Keiderling et al., 1992) and "D11"(ILL, Grenoble) (Ibel, 1976) at different sample-detector distances, wavelength, and sample concentrations. The total range of momentum transfer extends from 0.068 to 2.0 nm -1 . The identity of particles was controlled by parallel X-ray measurements using the X33 camera (DESY, Hamburg) (Koch & Bordas, 1983; Boulin et al., 1988) . The data were normalised to the intensity of the incident beam, corrected for the detector response, the scattering of the buffer was subtracted and the difference curves were scaled for concentration. Finally, 18 neutron and X-ray scattering curves of two types of ribosomal particles at eight contrasts have been obtained. The program GNOM was used to refine the merging coefficients between the neutron data sets recorded for the same particle with different smearing conditions (Svergun, 1991) .
Scattering from the model of the 30S subunit
As the 30S ribosomal subunit is a two-component particle containing ribosomal RNA and 19 proteins its scattering intensity from this particle can be written as (Koch & Stuhrmann, 1979; Serdyuk, 1979; Tardieu & Vachette, 1982 )
where ∆ρ pro and ∆ρ rna , I rna (s) and I pro (s) are the contrasts and the scattering intensities of the RNA and protein moieties, respectively, and I cross (s) is a cross term. The scattering amplitude of the protein moiety is represented by a difference between that of the entire subunit and of its rRNA. The contrasts of the ribosomal components can be evaluated from their chemical compositions as described in paper . The contrast of the entire hydrated subunit can be calculated using the volume fractions of the
, where the volume fraction of hydrated protein is 0.31. At a low resolution the structure of 30S subunit can be presented using a two-phase model described by the outer and inner envelope functions representing the entire subunit and its RNA moiety, respectively. Each envelope functions can be described by the angular function F(ω) which is parametrized using the multipole expansion:
where the truncation value L describes the resolution: where M is the total number of curves, I exp (k) (s j ) and σ(s j ) are measured scattering intensity and its standard deviation, respectively, in the j-th experimental point of the k-th curve, I calc (k) (s j ) is the corresponding scattering from the model for the contrasts of the components corresponding to the k-th curve.
A program MONSTER was used to perform a non-linear search of the multipole coefficients describing the two shapes. The detail of this program can be found in (Svergun et al. l997; Svergun.1991 Svergun. , 1994 .
Results and Discussion
The values of the forward scattering and the radii of gyration for individual scattering curves were evaluated using the Guinier approximation (Feigin & Svergun, 1987) . The plot of normalised forward scattering versus the D 2 O concentration of the solvent yields the matching point of 30S particle. The plot of the squared radius of gyration of 30S particle versus reciprocal contrast yields the radii of gyration of particle at infinite contrast R c and of protein and RNA moieties. The maximum diameter of the 30S subunit was estimated from the X-ray scattering curve using the orthogonal expansion program ORTOGNOM (Svergun, 1993) . The structural parameters of 30S T. thermophilus evaluated from the experimental data are summarised in Table 1 along with those of the 30S E.coli in the fourphase model ). Good agreement of the integral parameters for the 30S subunit E.coli and Thermus thermophilus allows us to suggest that their structures at low resolution are similar. To verify this hypothesis, we have calculated theoretical scattering curves of the 30S subunit of E.coli taken from the four-phase model of the 70S ribosome (Svergun et al.l997a, b) , for the all experimental scattering curves at The two-phase model of the 30S Thermus thermophilus was refined using the MONSTER program, and the model of the 30S subunit E.coli was taken as an initial approximation. The shape of the envelope of the 30S subunit and of the RNA moiety are evaluated with a multiple resolution up to L=7 that corresponds to a spatial resolution of about 3.5 nm. For the refinement the range 0 <s < 1.8 nm -1 is used, where the scattering by inhomogeneities within each phase [Svergun, 1994; Svergun et al.l997a,b] was negligibly small and was not taken into account. The display of the three-dimensional model was done using the ASSA program (Kozin et al., 1997) . The model obtained as a result of the refinement (Fig.2) gives significantly better agreement with the experimental data than the initial approximation: the averaged R-factor is 6.1%. Some of the obtained fits are displayed in Figure 1 (a-d) . However, bad agreement between the experimental and theoretical data for neutron curves with increased (more than 70%) concentration of D 2 0 has engaged our attention. Since the matching points of the protein and RNA are 40% and 70%, respectively, at a high content of D 2 0 the protein component makes the predominant contribution into scattering. It permits to conclude that primary difference between the 30S Thermus thermophilus and 30S E.coli models consists in the special distributions of the protein component. If we evaluate the deviation between two shapes F 1 ( ) ω and F 2 ( ) ω using the root-
, it emerges that the overall shape of the 30S subunit has undergone greater changes compared to the initial model: R ω between the shapes of the regions occupied by RNA, for the models of E.co/i and Thermus thermophilus is 3.6%, whereas this value for the outer shapes is significantly higher (6.2%). This confirms the assumption that primary difference between the 30S Thermus thermophilus and 30S E.coli models consists in the special distributions of the protein component whereas the conformations of the RNA molecules differ little at low resolution. A comparison of the those models is presented in Figure 3 .
Figure 2
Two-phase model with the resolution 3.5 nm for the subunit of the ribosome T. thermophilus and its RNA (in side). The 30S subunit is displayed in gray and its RNA in dark gray.
Figure 3
Comparison of the 30S ribosome T. thermophilus and 30S E. coli models. The 30S ribosome 30S E.coli is displayed in solid body.
It is also necessary to point out the limitations of the obtained model. First of all, according to the Kotelnikov theorem (Kotelnikov&Nikolaev, 1950) the number of Shannon channels in the experimental curve is Ns = S max D max /π, and in our case a single curve provides Ns ~ 15. The contrast variation data set in the case of the two-phase system allows to determine three basic scattering functions (see eq. (1)), This data set thus provides three times more information then a single scattering curve and the entire data set contains 45 channels. The number of independent parameters in the model is kept lower then 1.5 times this number of channels (Taupin & Luzzati, 1982) . At the same time, the two-phase model with the use of harmonics up to L=7 requires 128 parameters. The information content of the experimental data is inadequate for the reconstruction of the model ab initio. Therefore, the availability of the two-phase model of the 30S subunit of E.coli was a necessary condition to construct the model of Thermus thermophilus. In spite of the above limitations, the obtained two-phase model for the 30S ribosomal subunit from Thermus thermophilus gives an adequate description of the structure at the low resolution, and it fits a large set of experimental neutron and X-ray scattering data. The Thermus thermophilus species are extensively used to grow ribosomal crystals. Our results open the possibility to use this model to phase the low resolution reflections in ribosomal crystallography. Moreover, our model in the near future can serve as a basis for localisation of some ribosome proteins in this subunit.
